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Energy Demand and Its Determinants:  









The issue of rapidly growing energy demand is pressing with energy determinants continue to reinforce its sustained 
rise over the coming years. In view of its unabated rise to jeopardize a country’s long term energy security, such 
concern has captured attentions among the governments worldwide. In particular, this paper investigates the 
interplay between energy demand and its determinants notably world oil price, economic growth, population, 
urbanization and energy access via a panel analysis. The data, which are obtained from the websites of International 
Energy Agency and Energy Information Administration, cover the ASEAN-5 namely Indonesia, Malaysia, 
Singapore, Thailand and the Philippines for the period of 2000 – 2014. Econometric techniques such as Panel 
Cointegration, Panel Fully Modified Ordinary Least Square, Panel Error Correction Model and Granger Causality 
are employed to analyze the data. While the short run results indicate the evidence of unidirectional causality from 
world oil price to energy demand, the long run results disclose the significant contributions of economic growth, 
energy access and urbanization that potentially affect the variability of energy demand. Therefore, energy 
conservation policy is the viable option in the ASEAN-5. Also, policy makers are recommended to pursue necessary 
plans in securing for reliable and affordable energy supplies with minimal environmental impacts so as to promote a 
sustainable socio-economic development as well as to enhance the quality of life.      
 











Energy is the lifeblood of every nation. More importantly, energy security constitutes as a strategic issue in most 
energy consuming nations. In line with a rapid expansion in the global energy demand over past decades, Southeast 
Asia’s energy demand has posted a remarkable growth by two-and-a-half times increase since 1990 (International 
Energy Agency [IEA], 2013). Together with China and India, the 10 countries of the Association of Southeast Asian 
Nations (ASEAN), which cover Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines, 
Singapore, Thailand and Vietnam, are collectively shifting the centre of gravity of the global energy demand to Asia 
(IEA, 2013). By and large, ASEAN remains as one of the fastest-growing regions in the world. Of the ASEAN-10, 
the five largest economies thus far that make up the so-called ASEAN-5 are Indonesia, Malaysia, Singapore, 
Thailand and the Philippines (Kok, 2014). Since 2000, the ASEAN-5 has experienced rapidly growing energy 

















Figure 1 Total Primary Energy Demand (TPED) in the ASEAN-5 
 
Energy demand in the ASEAN-5 has been on the upward trend, increased from 337 million tonne of oil 
equivalent (Mtoe) in 2000 to 549 Mtoe in 2014. By far, it has grown at the compound annual growth rate (CAGR) of 
3.5 percent per year from 2000 to 2014. Commensurately, this represents a 63 percent increase or an additional 212 
Mtoe of energy sources through 2014. Between 2000 and 2014, ASEAN-5’s energy demand remains on the rise 
underpinned by moderately strong economic growth of four percent to six percent, rising population i.e. from 376 
million to 456 million people, growing number of city dwellers i.e. from 163 million to 237 million people and 
reasonably high levels of access to the electricity grid in Malaysia, Singapore and Thailand (IEA, 2015). In term of 
the sectoral outlook, this is mainly driven by rising demand profiles for coal and natural gas in the power generation 
sector and oil-based products in the transport and industrial sectors despite that there was a surge in inflation during 
the 2007 – 2008 period faced by many ASEAN countries. Of which, the fluctuations in world oil price have been 
perceived as one of the primary causes that elevated the general energy price level regionally.   
Furthermore, Figure 2 incorporates together the total content of energy supply that is possibly believed to 
accommodate the rapid rise in energy demand across the ASEAN-5 over the 2000 – 2014 period. From the figure, it 
can be concluded that there is likelihood that the ASEAN-5, either collectively or on individual basis, faces energy 
deficit locally. This emerges as stemmed from the incapability of a country’s energy production and net imports 
combined to grapple with a problem of meeting the rapid rise in domestic energy demand through 2014. As a result, 
the uncurbed rise in energy demand potentially affects the self-sufficiency rate of a country, widens the energy 
supply – demand gap, induces a strong reliance on energy imports, exposes to energy price fluctuations that cause 
respective governments to raise energy subsidies, creates energy deprived situations locally and shortens the 
estimated lifespan of proved natural reserves (Kanchana & Unesaki, 2014). Ultimately, it will jeopardize a country’s 
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long term energy security. Even worse, a country or countries will have hard times in securing efforts to sustain 
energy security especially when there are declining domestic oil and natural gas production and depleting energy 
reserves (Magazzino, 2014). Thus, one possible solution to mitigate the severity of the issue is to cut certain numbers 
of coal export commitments by Indonesia in particular as means to cope with acute energy insecurity (Jain, 2011). 




















Figure 2 Total Primary Energy Supply - Demand in the ASEAN-5 
 
Ensuring energy security is an utmost priority among energy policy makers in the ASEAN-5. However, the 
priority tends to overshadow the urgent need to address the climate change issues within the overall energy policy 
agenda (Hong, 2010). To some extent, environmental problems, which are originated from growing use of 
hydrocarbon-based energy in the implementation of economic activities and development projects, have been taken 
for granted (Wahid et al., 2013). Therefore, the significance of this paper depends upon the association of five 
factors in which four endogenous i.e. economic growth, population, urbanization and energy access as well as one 
exogenous; world oil price as an energy price proxy that collectively contribute to the rapid rise in energy demand. 
Necessarily, this study will identify whether there are possibilities to shaken up a country’s long term energy 
security by persistently widening the gap between energy supply and demand contents in the post-2014. 
The rest of this paper is organized as follows. Section 2 reviews the existing literature on the interaction between 
energy demand and its determinants, Section 3 describes the data and methodology that are used in the analysis. The 
empirical results are reported in Section 4 while Section 5 wraps up with policy implication and conclusion.      
              
2. Literature Review 
Historically, the study of relationship in energy and growth causality mainstream was sparked by the early works 
of Kraft and Kraft (1978) as cited in Ozturk (2010). Since then, many researchers have undertaken number of 
studies that revolve around the relationship among energy demand (or energy consumption interchangeably
1
), world 
oil price, economic growth, population, urbanization and energy access. By and large, previous studies employed 
various econometric techniques such as Ordinary Least Square (OLS), Johansen Cointegration, Vector Error 
 
 
1 In practice, the clear distinction notably between demand (as a schedule of quantities with a function of price, ceteris paribus) and consumption 
(as an equilibrium quantity at a given price) is frequently disregarded (UNFAO, 1997). 
214 
 
Correction Model (VECM), Vector Autoregressive (VAR) and panel Granger causality. Due to differences in 
adopted techniques, these have resulted in the empirical results to be diverse and remain debatable (Karanfil, 2009). 
An example of recent study was published by Magazzino (2014). He investigated on the relationship among 
energy consumption, economic growth and CO2 emissions in the ASEAN-6 namely Brunei, Indonesia, Malaysia, 
Singapore, Thailand and the Philippines over the 1971 – 2007 period via panel analysis. With the VAR framework, 
he revealed the evidence of unidirectional causality from energy consumption to economic growth in the ASEAN-6. 
Therefore, his finding is consistent with Lean and Smith (2009), among others, who employed a panel VECM to 
examine the relationship among electricity consumption, economic growth and CO2 emissions in the ASEAN-5 over 
the 1980 – 2006 period.  
In other part of the world, Michieka and Fletcher (2014) undertook a study to measure the relationship among 
energy consumption, economic growth and urbanization in Kenya over the 1971 – 2009 period. Under the VAR 
framework and Granger causality, they discovered the evidence of unidirectional causality from urbanization to 
economic growth and energy consumption. Hence, they concluded that urbanization will continue to play a major 
role in economic growth and energy consumption in Kenya. To a lesser extent, their findings are in parallel with the 
previous studies carried out by Shaari et al. (2013), among others. Specifically, Shaari et al. (2013) measured the 
interaction among energy consumption, economic growth and population in Malaysia over the 1991 – 2011 period. 
By employing Johansen cointegration and Granger causality tests, they disclosed the evidences of unidirectional 
causality from population to energy consumption and unidirectional causality from energy consumption to economic 
growth in Malaysia. 
Meanwhile, breaking apart from energy and growth causality mainstream, the literature is increasingly enriched 
with rigorous studies that focus on the real impact of world oil price fluctuations from the perspective of either 
economic growth or the financial sector built from the early work of Hamilton (1983) as cited in Ghalayini (2011). 
In recent years, Bekhet and Mohamed Yusop (2009), among others, investigated the relationship among energy 
demand, world oil price, economic growth and employment in Malaysia over the 1980 – 2005 period. With 
Johansen cointegration and VECM methods, their short run results proved that the fluctuations in world oil price 
significantly affect the country’s energy demand which was then reflected in the country’s energy consumption. On 
the contrary, Saibu (2013), who studied on the case study of Nigeria over the 1970 – 2009 period, claimed that the 
fluctuations in world oil price have insignificant effect on energy demand, economic growth and domestic 
investment in Nigeria. 
In sum, it is evident that the issue of interaction revolving around energy demand, world oil price, economic 
growth, population, urbanization and energy access remains inconclusive with mixed empirical results. Henceforth, 
future studies, which employ new approaches and perspectives rather than those with usual methods based on a set 
of common variables as pointed out in Karanfil (2009), are imperative for the policy makers in the reformulation of 
cohesive and coherent policy implications to maintain a country’s long term energy security and affordability. 




In the study, secondary data are used to examine the relationship among energy demand, world oil price, 
economic growth, population, urbanization and energy access in the ASEAN-5 from 2000 to 2014. The annual data 
on energy demand, economic growth, population, urbanization and energy access were obtained from the website of 
the International Energy Agency. The annual data on Brent spot prices reflecting world oil price, which also serves 
as a reference point for most crude oil volumes destined for the Asian markets, were taken from the Energy 
Information Administration’s website. All variables were transformed into the logarithmic (log) form thereafter.      
 
3.2 MODEL SPECIFICATION 
Following the simple functional form notably at the aggregated level as introduced in Olsen and Roland (1988), 
the expression for the ASEAN-5, which comprises of energy demand (ED), world oil price (WOP), economic 




ED = 𝑓 (WOP, RGDP, POP, URBAN, EA)               (1)         
 
Subsequently, Equation (1) is transformed into the double natural log specification to become the empirical 
model for the study as per Equation (2): 
 
LEDi,t = β0 + β1LWOPi,t + β2LRGDPi,t + β3LPOPi,t + β4LURBANi,t + β5LEAi,t + εi,t                                             (2)  
 
where LED is natural log of energy demand (in Mtoe), LWOP is natural log of world oil price (in USD per 
barrel), LRGDP is natural log of economic growth (in USD billion – constant 2005), LPOP is natural log of 
population (in million people), LURBAN is natural log of urbanization (in million people) and LEA is natural log of 
energy access (in percentage of population). β0 is a constant term and β1 to β5 are estimated parameters in the model. 
Also, i refers to a cross-section data for countries, t is a time series data and εi,t represents a random disturbance term.              
 
3.3 METHOD OF ANALYSIS 
 
3.3.1  Panel Unit Root Test 
The first step in estimating a panel analysis is to check the stationary properties of the data. To do so, the IPS 
method from Im, Pesaran and Shin (2003) is employed for the analysis. Similar to the LLC method from Levin, Lin 
and Chu (2002), they are originated from the Augmented Dickey-Fuller (ADF) testing approach from Dickey and 











     ; i = 1, 2, …, N and t = 1, 2, …, T                           (3)  
 
where Y = LED, LWOP, LRGDP, LPOP, LURBAN and LEA. Also, Δ is the first difference operator, ρ is 
autoregressive coefficient, αi is the country-specific fixed effect, γi is an individual trend and εit is a white-noise error 
term with a variance of σ
2
.  
Compared to the LLC, the IPS method considers both heterogeneity in intercepts and slope coefficients across 
countries. Specifically, the alternative hypothesis under the IPS method is that some (but not all) of the series are 
stationary i.e. H1: ρi < 0 for at least one i. Its t-bar statistic, t , which is a simple average of the individual ADF       



















                                                                                  (4) 
   







z                                                            (5) 
 
where E )(t and var )(t denote the moments of mean and variance, respectively, as tabulated in Im, Pesaran and 
Shin (2003). The z statistic approaches a standard normal distribution as N and T  . 
 
3.3.2 Panel Cointegration Test 
If each variable is integrated at I(1), the Pedroni’s (2004) panel cointegration test is employed thereafter. One 
benefit is that it allows for heterogeneity in the intercepts and slopes of the cointegrating equation. Developed in 
Pedroni (2004), there are seven statistics that test the null of no cointegration in heterogeneous panels. One group of 
tests, which is termed ‘within dimension’ (panel cointegration statistics), is listed from Equation (6) to Equation (9): 
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2                     (8) 
 
 




































                     (9)  
  
The other group of tests, which is termed ‘between dimension’ (group mean panel cointegration statistics), is given 
from Equation (10) to Equation (12):    
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        where  
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While the panel cointegration statistics consider common time factors and enable heterogeneity across countries, 
the group mean panel cointegration statistics allow for heterogeneity of parameters across countries. Pedroni’s 
(2004) seven statistics are based on the absence of cointegration in the null hypothesis i.e. H0: ρi = 0 for all i in 







                                                                                                                                         (13) 
 
The null hypothesis of no cointegration is rejected if the test statistics exceed the critical values in Pedroni 
(2004), implying that there exists a long run relationship between [LED, LWOP, LRGDP, LPOP, LURBAN, LEA].      
   
3.3.3 Long Run Relationship Estimation 
The Fully Modified Ordinary Least Square (FMOLS) procedure allows for a larger flexibility in the presence of 
heterogeneity both in the transitional serial correlation dynamics and in the long run cointegrating relationship (Lee, 
2005). Based on the works of Pedroni (1999, 2000, 2001, 2004), the cointegrated system for panel data takes the 
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for i = 1, 2, …, N and t = 1, 2, …, T where )',(
ititit
e   ~ I(0) and )',(
ititit
XYZ   ~ I(1). 
 
Hence, the panel group mean FMOLS estimator for coefficient β is given as in Equation (16): 
 











































































is the contemporaneous covariance matrix, 
i





L is the lower triangular decomposition of  and 0ˆ
i
 that denotes as an appropriate estimator of 0
i
 . 
For the hypothesis testing, the null hypothesis, H0: βi = β0 for all i against the alternative hypothesis, H1: βi  β0. The 
main difference is that the heterogeneity effects are allowed for all values of βi under the alternative hypothesis.  




































XXt                        (17)  
    
3.3.4 Panel Error Correction Model and Granger Causality Test 
If two time series, namely X and Y, are integrated at I(1) and cointegrated in the long run, there would be either 
unidirectional or bidirectional causality exists between the variables (Engle & Granger, 1987). To determine the 
long run and short run causal relationships among the variables, a panel-based on ECM followed by the two steps of 
Engle and Granger (1987) are employed. With the combination of the two steps, this will enable for the integration 
of both static long run and dynamic short run components to be realized in a same model.  
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for i = 1, 2, …, N and t =1, 2, …, T where Δ denotes a first difference operator, k = 1, …, m represents as the 
optimal lag length as suggested by the Schwarz Bayesian Criterion, αj,i (j = 1, 2,…, 6) is the fixed country effect, λj,i 
(j = 1, 2, …, 6) is the adjustment coefficient and εj,i,t  is the random disturbance term that is assumed to be 
uncorrelated with zero means. ECTi,t-1 is the estimated lagged error correction term derived from the long run 





                        (24)                      




ˆˆˆˆˆˆˆ   
 
4. Empirical Results 
From Table 1, the variables are found stationary at first order difference under the IPS method. Their p-values 
become statistically significant at the five percent and 10 percent significance levels. Hence, it can be concluded that 
the variables are stationary at first order difference and integrated at I(1).         
   
Table 1 Results of Panel Unit Root Test 
 
Variable 
Level First Order Difference 
Constant Constant + Trend Constant Constant + Trend 
LED                 1.600 
               (0.945) 
                   0.489 
                  (0.688) 
               -2.572 
               (0.005)* 
                   -2.893 
                   (0.002)* 
LWOP 
 
                0.112 
               (0.544) 
                   1.183 
                  (0.882) 
               -2.668 
               (0.004)* 
                   -1.738 
                   (0.041)* 
LRGDP 
 
                2.625 
               (0.996) 
                   0.249 
                  (0.598) 
               -2.349 
               (0.009)* 
                   -3.998 
                   (0.000)* 
LPOP 
 
               -0.772 
               (0.220) 
                  -0.984 
                  (0.163) 
               -3.699 
               (0.000)* 
                   -5.127 
                   (0.000)* 
LURBAN 
 
                1.387 
               (0.917) 
                   0.237 
                  (0.594) 
               -2.762 
               (0.003)* 
                   -1.339 
                   (0.090)** 
LEA 
 
                1.147 
               (0.874) 
                  -0.722 
                  (0.235) 
               -2.260 
               (0.012)* 
                   -2.124 
                   (0.017)* 
Note: Figures in the parentheses are p-values. * and ** indicate rejection of the null hypothesis of non-stationary at the five percent and    
10 percent levels of significance.   
 
Furthermore, Table 2 reports the summary of results of cointegration analyses. At constant level, there are four 
out of seven statistics that reject the null hypothesis at the five percent significance level. Since the panel-ADF and 
group-ADF statistics are part of the results, in which both tests are more reliable than other statistics according to 
Pedroni (1999), it can be concluded that there exists a long run stable relationship among the variables.  
  
Table 2 Results of the Pedroni’s Panel Cointegration Test 
Test Constant Constant + Trend Conclusion 
Panel ν-statistic                 -0.983                    -2.205  
 
 
Panel ρ-statistic                  0.427                     1.344 
Panel non-parametric (PP) t-statistic                 -1.999*                     0.062 
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Panel parametric (ADF) t-statistic                 -2.214*                    -1.371 Cointegrated 
Group ρ-statistic                  1.472                     2.397 
Group non-parametric (PP) t-statistic                 -2.612*                    -0.842 
Group parametric (ADF) t-statistic                 -2.817*                      -1.428 
Note: Statistics from Pedroni (2004) are one-sided tests with a critical value of -1.64 (k < -1.64 means the rejection of the null) except the  
υ-statistic that has a critical value of 1.64 (k > 1.64 means the rejection of the null). * and ** indicate the null hypothesis of no 
cointegration being rejected at the five percent and 10 percent levels of significance. 
 
Correspondingly, the next step is to perform the long run estimation among the variables. As shown in Table 3, 
the long run results indicate that the coefficients of LRGDP, LURBAN and LEA, which are statistically significant at 
the five percent and 10 percent significance levels, exert positive and negative effects on the variations in energy 
demand. While a percent rise in economic growth leads to about 1.34 percent boost in energy demand, increases in a 
percent of urbanization and energy access tend to reduce the total amount of energy demanded by -0.99 percent and 
-2.32 percent, respectively. In particular, one reason of why urbanization and energy access negatively affect energy 
demand in the ASEAN-5 is due to their contributions to a decline in energy demand notably in the rural residential 
sector as a result of rapid substitutions from inefficient traditional fuels e.g. biomass to modern fuels e.g. electricity 
that are secure and reliable supplies (Pachauri & Jiang, 2008). Accordingly, the long run findings are found aligned 
with Ang (2008) and Poumanyvong et al. (2012).            
  
Table 3 Results of Panel FMOLS Estimates 
Variable Coefficient Standard Error t-statistic p-value 
LWOP                 0.027                0.040                0.664                0.510 
LRGDP                 1.336                0.258                5.181                0.000* 
LPOP                 0.061                0.642                0.095                0.925 
LURBAN                -0.988                0.509               -1.942                0.058** 
LEA                -2.316                0.540               -4.290                0.000* 
R2                 0.897    
Adjusted R2                 0.895    
Note: * and ** indicate rejection of the null hypothesis, H0: βi = 0 at the five percent and 10 percent levels of significance. 
 
Moreover, Table 4 reports the short run results pertaining to a number of causal channels that exist at the 
aggregated level in the ASEAN-5. Apart from that, the coefficient of ECTt-1 term for the ΔLED equation, which is 
negative and statistically significant at the 10 percent significance level, implies on the existence of long run 
causality for the equation. If there is an exogenous shock on the model, the system will correct its disequilibrium by 
27.4 percent speed of adjustment per year towards the long run equilibrium. As far as potential short run impacts on 
energy demand are concerned, there is only evidence of unidirectional causality from ΔLWOP to ΔLED at the five 
percent significance level. Generally, the results explain that a percent hike in world oil price will inevitably lead to 
about 9.58 percent rise in energy demand over the short term. In particular, the short run implications relating to the 
elevated general energy price level reasonably vary across the ASEAN-5. Therefore, the short run findings are seen 
in tandem with Rafiq (2009), Bekhet and Mohamed Yusop (2009) and Mohamed Yusoff and Abdul Latif (2013).               
 




Source of Causation (Independent Variables)  
Short Run Long Run 
ΔLED ΔLWOP ΔLRGDP ΔLPOP ΔLURBAN ΔLEA ECTt-1 
Wald χ2 Statistics Coefficient 
ΔLED 
 
---       9.579 
     (0.002)* 
      1.165 
     (0.280) 
       0.371 
      (0.543) 
     0.997 
    (0.318) 
        2.693 
       (0.101) 
     -0.274 
     (0.072)** 
ΔLWOP2 
 
     0.050 
    (0.823) 
---       4.317 
     (0.038)* 
       1.140 
      (0.290) 
     0.036 
    (0.849) 
        0.015 
       (0.904) 
      2.000 
     (0.035)* 
ΔLRGDP 
 
     6.751 
    (0.080)** 
      8.290 
     (0.040)* 
---        1.350 
      (0.245) 
     1.336 
    (0.248) 
        2.894 
       (0.089)** 
      0.114 
     (0.268) 
ΔLPOP 
 
     1.648 
    (0.199) 
      0.010 
     (0.919) 
      4.107 
     (0.043)* 
---      3.091 
    (0.079)** 
        4.531 
       (0.033)* 
      0.038 
     (0.372) 
ΔLURBAN      1.586        0.007       3.174        4.073 ---         1.832      -0.069 
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     (0.208)      (0.934)      (0.075)**       (0.044)*        (0.176)      (0.374) 
ΔLEA 
 
   24.528 
    (0.000)* 
    10.985 
     (0.004)* 
    13.400 
     (0.004)* 
       0.753 
      (0.686) 
     8.697  
    (0.034)* 
---      -0.029 
     (0.014)* 
Note: Wald χ2 tests report the short run dynamics and error term coefficients prove the existence of long run causality. Figures in the 
parentheses are p-values. * and ** indicate statistically significant of variables at the five percent and 10 percent significance levels. 
 
5. Policy Implication and Conclusion 
Empirically, this study investigates the interplay between energy demand and its determinants; world oil price, 
economic growth, population, urbanization and energy access in the ASEAN-5 from 2000 to 2014. Overall, the 
main deliverable of this paper is that the adoption of energy conservation policy is recommended as the 
commercially viable option across the ASEAN-5 going forward. Associated with the implementation of measures 
such as energy saving and energy efficiency initiatives, there is a negligible impact being expected on economic 
growth, urbanization and energy access in respective countries. With sound, stable fiscal and regulatory frameworks 
in place, policy makers, businesses and consumers will continually improve the effectiveness of current systems and 
be able to reduce future energy demand requirements in realizing the fact that the efficient use of energy at present is 
one of the greatest potential sources of energy supply in the future. Also, in the light of dominant effects from world 
oil price shocks to energy demand in the short run, these would indicate among the policy makers in securing for   
2Due to considerably high p-values of F-statistics, the short run and long run results for the ΔLWOP equation remain insignificant and doubtful.  
more reliable and affordable energy supplies, which are other than oil that is less volatile, with minimal 
environmental impacts so as to promote a sustainable socio-economic development and to enhance the quality of 
life. Although population is found statistically insignificant at the aggregated level, this does not mean that its effect 
can be taken for granted. Thus, future studies, which are suggested to focus at the disaggregated energy (i.e. natural 
gas, etc.) level, would probably support for the notion of population to drive rising energy demand in the ASEAN-5.  
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